The aim of this paper is to assess the effects of different doses of sewage sludge compost mixed with wheat straw on heavy metal content in Italian ryegrass and in soil. A two year experiment with the Italian ryegrass was set up in autumn 2012. The experimental design consisted of a control plot, a plot with NPK fertiliser and three plots with three different doses of municipal sewage sludge compost (5, 10 and 15 Mg of fresh matter·ha -1 ). Those different compost doses contained the amounts of Nitrogen equivalent to 60, 120 and 180 kg·N . ha -1 . The two lower doses of compost were supplemented with nitrogen fertiliser so that the amount of this chemical element introduced to the soil of all plots with compost stood at 180 kg·ha -1 . During 2013 and 2014 seasons the grass was cut three times a year after about a 30-day growing period. After dry mineralisation, the content of Zn, Cu, Ni, Pb and Cd in the plant samples was measured with the ICP-AES method. The fertilisers applied significantly diversified the content of chemical elements in the grass and in the soil. The highest dose of compost resulted in the highest concentration of Zn, Cu and Cd in the grass while the highest concentration of Ni and Pb was in the soil and the grass from the plot where the mid dose of compost had been applied. Cadmium concentration in the soil was the highest in the plot where the mid dose was applied. The experiment proved that compost made with sewage sludge and wheat straw is beneficial for plants.
INTRODUCTION
It seems that because of economic growth, rising standard of living and legal restrictions the amount of waste will continue to rise in the future. Now when European Union member states have agreed to adhere to regulations on hazardous waste treatment, attempts are being made to find the best ways of their storage and disposal [ sewage sludge application to agricultural land contributes to rising amounts of nutrient in soil. Sewage sludge contains a high amount of organic substances and nutrients but also macroelements and microelements [Malinowska et al. 2015] . However, it also contains a high amount of heavy metals, most of them being accumulated in plants [Behel et al. 1983 , Álvarez et al. 2002 , Kalembasa, Malinowska 2013 . That is why the rising use of sewage sludge or compost made with it should be closely monitored in the soil-plant system [Shrivastava, Banerjee 2004 , Yürük, Bozkurt 2006 .
The aim of this paper is to assess the effect of different doses of compost made with sewage sludge and wheat straw on heavy metal content in soil and in Italian ryegrass.
MATERIALS AND METHODS
The experiment was carried out at the experimental station of the University of Natural Sciences and Humanities in Siedlce , respectively. Nitrogen fertilisers were applied three times a year: in early spring before the growing season, and after the first and second cut, while phosphorus and potassium fertilisers were used only once, before sowing. With the application of ammonium sulphate the amount of nitrogen applied was supplemented to 180 kg . ha -1 on those plots where the rate of nitrogen introduced with the compost was lower than that. We use the following indications: I dose of compost -15 Mg·ha +N 120 . This way there was the same amount of nitrogen applied to each plot. The same kinds of inorganic fertilisers were used each year. As said above, the compost contained municipal sewage sludge and 15% of wheat straw (in relation to dry mass), with the composting process lasting six months. The compost obtained this way was of neutral pH (Table 1) . Like in the case of soil, the total concentration of heavy metals in the compost did not exceed the limits of Fertilisers and Fertilisation Act of 10th July 2007 and Waste Management Act of 2012.
In each growing season of the 2013 and 2014 the grass was cut three times every 30 days, on average. After each cut grass samples were taken and total concentration of Zn, Cu, Ni, Pb and Cd was measured with the ICP -AES method, after dry mineralisation in a muffle furnace at the temperature of 450 °C. Then, 5 ml of hydrochloric acid solution (1:1) was added and the porcelain crucible was put into a sand bath to decompose carbonates and to isolate silica. Next, the contents of the crucible, after adding 10 ml of 10% of hydrochloric acid, were put into a 100 ml conic flask. Additionally, after each year of the experiment soil samples were taken and heavy metal content was determined with the ICP-AES method.
The results were processed statistically to analyse means with the analysis of variance (using the Statistica programme, Version 10.0 StatSoft). Tukey's test was used to calculate the LSD 0.05 value.
RESULTS AND DISCUSSION
The average concentration of zinc in the biomass of Italian ryegrass was 59.05 g·kg -1 D.M. and was significantly differentiated under the influence of experimental factors and their interaction (Table 2) . Zinc concentration in fodder should range from 50 to 100 mg Zn·kg Copper concentration in Italian ryegrass was dependent on the dose of fertilisers and on the cutting (Table 3 ). The highest amount of this metals was found in the grass of the first cutting (8.38 mg·kg -1 D.M.) while in the grass of the second cutting the amount of copper was 11.2%, lower than in the first one. In turn in the grass of the third cutting it was 5.7% lower than in the grass of the second cutting. The average copper concentration out of all years and cuttings was 7 (Table 5 ). In the grass of the firs cutting there was more lead than in the grass of the second cutting. There was also significantly more of this metal in the second year than in the first year. There was twice as much lead in the grass from the plot with the mid dose of compost applied as in the grass from the plot with NPK fertiliser.
The total concentration of cadmium was 0.411 mg·kg -1 (Table 6 ) and it was lower than the limit of 1 mg·kg The concentration of this metal in the biomass was dependent on fertilisation and the year. There was a significant decrease of cadmium concentration in the grass in the second year, when it was 10.1% lower, on average, compared to the first year. The highest concentration of cadmium in Italian ryegrass (0.526 mg·kg -1 ) was noted in the plot with the highest dose of compost, while the lowest in the plot with the lowest dose of compost and in the control plot, 0.320 and 0.366 mg·kg -1 , respectively.
According to many publications heavy metal accumulation by plants is not always related to their concentration in the soil [Czekała et al. 2012] . What determines it is soil conditions, plant species but also a potential of a given element to be released from stable forms [Pavlikova et al. 2007 ]. Kabata-Pendias at al. [1993] put the limits of heavy metals in fodder plants in the following order: <100 mg Zn<30 mg Cu<20 mg Cr<50 mg Ni<10 mg Pb and<0.5 mg Cd·kg -1 D.M. Biomass with heavy metal content exceeding those limits should not be used to feed animals but it should be combusted or used to produce compost.
The content of Zn, Cu, Ni and Pb in the soil was significantly diversified under the influence of experimental factors (Table 7) . Fertilisation significantly diversified cadmium content. With the exception of zinc and lead the total amount of heavy metals in the soil was similar in the control plot and in the one with NPK fertiliser. Compost application, in particular at the higher doses of 15 and 10 Mg . ha -1 , increased zinc concentration in the soil three times while Ni, Pb and Cd concentration was increased two times. There was also significantly more lead and a little more cadmium in the first year than in the second. Concentration of the other heavy metals was significantly higher in the second year than in the first year. Throughout the experiment the average concentration of heavy metals from all plots can be put in the following order (mg·kg -1 ): Zn (36.02) < Pb (6.67) < Cu (6.28) < Ni (5.15) < Cd (1.48). Balcer and Wołoszyk [2012] found a similar content of copper but a much lower content of zinc in soil in the second year after compost made with sewage sludge was applied. The above mentioned authors say that, compared to the control, compost made with 70% of sewage sludge resulted in a higher content of microelements in plants and in soils. 
CONCLUSIONS
1. In the grass from the plot where compost made with sewage sludge and wheat straw was applied there was an increase in heavy metal content (Zn, Cu, Ni, Pb and Cd, as compared to the control plot and to the plot with NPK fertiliser applied.
2. Analysing the effects of different compost doses on heavy metal content it was found that the highest amount of compost (15 Mg·ha -1 ) resulted in the highest accumulation of Zn, Cu and Cd, while the highest amounts of Ni and Pb were in the grass from the plot with the mid dose of compost (10 Mg·ha -1 ).
3. Compared to the first year there was an increase of the amount of Zn, Cu and Ni in the soils in the second year of the experiment.
4. The experiment proved that the effects of compost made with sewage sludge and wheat straw were beneficial for plants. 
